Introduction
Robot-assisted radical prostatectomy (RARP) is the most commonly performed robotic procedure worldwide and is firmly established as a standard treatment option for localised prostate cancer. Although preliminary data appear to show some advantages over open prostatectomy with reduced blood loss, decreased pain and early mobilisation, there is no definitive data proving advantages over laparoscopic radical prostatectomy (LRP). Part of the explanation for the rapid uptake of RARP is the reported gentler learning curve compared with the challenges of LRP. Despite this, starting a robotic programme can be a daunting prospect and the surgery is still fraught with potential difficulties.
As with open surgery, there is a strong correlation between surgeon experience and good clinical outcomes, particularly the critical 'trifecta' of surgical margins, potency and continence. 1 It is vital that the acquisition of experience does not come at the expense of clinical outcomes. Furthermore, as surgeons progress through the learning curve (LC), there is a tendency to take on increasingly complex cases including patients with more difficult anatomy and prior surgery. These cases present additional challenges and avoiding complications, while on the steepest part of the learning curve is critical. We discuss these potential difficulties and highlight ways to avoid making serious mistakes.
Setting up a successful robotic service
Establishing a successful RARP programme requires a highly motivated team with intensive training necessary for nurses, technicians and patient-side assistant. Although there are structured robotic residency programmes available, 2 the pathway for established consultants who wish to start a robotic programme is less clear. In fact, published guidelines for the safe introduction of RARP at an institution are surprisingly absent. 3 Currently, the US Food and Drug Administration (FDA) has in place a mandate that robotic companies are responsible for at least some of the training for a robotic surgeon. In a consensus document from the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) and the Minimally Invasive Robotic Association (MIRA) they set out the minimum standard to which surgeons should be trained. They report that 'in addition to all standard operating procedures, training must include how to safely and rapidly remove the device in an emergency, what to do if the system stops responding and how to respond if the system makes movements that are potentially unsafe to the patient. 4 'All such reasonably foreseeable situation must be anticipated, practiced and understood'. Intuitive surgical currently run a 2-day robotic course, which allows initial experience to be gained in a skills laboratories using cadaveric models. Following this, most surgeons agree that a stepwise progression from case observation to primary assistant followed by structured console work appears to make for the smoothest transition, however, there is no consensus on the number of observed cases necessary before progressing. 5 Proctorship is often used to overcome the steepest part of the LC, however, with no governing body to assess and approve these surgical experts, proctors can be a fairly heterogeneous pool. 3 Intuitive Surgical recognises any robotic surgeon who has completed 20 robotic cases as a potential proctor. In the consensus SAGES-MIRA document it was reported that the institution should be responsible for determining the specific role and qualification of the proctor, and criteria of competency should be established well in advance. Furthermore, the expert instructor must have substantial clinical and specialty-specific experience with reported results and review. 4 The learning curve
Although a full analysis of the LC for RARP is not within the remits of this article, a number of points need to be addressed. First, although RARP is reported as having a gentler LC than LRP, it is still considerable. Operating times can reduced to acceptable levels by 10-30 cases; 6, 7 however, the functional and oncological outcomes take considerably longer. Murphy et al. 8 reported that 480 cases were necessary before positive surgical margin rates begin to plateau. Zorn et al. 9 recently reported continuing improvement in erectile function, urinary continence and positive surgical margins up to and beyond 500 cases. Clearly, one significant impact on the LC is the level of surgical experience previously gained. In a recent report from an experienced open surgeon who converted to robotic surgery it was noted that pT2 PSM rates plateaued after 140 accumulated cases, whereas pT3 rates took longer at 170 cases. 10 They proposed that suspected highvolume cancers should be avoided in the first 100 cases.
Robot failure
Mechanical robot failure is a recognised problem and one that needs to be carefully planned for before the start of a robotic case. Not all operators have the experience to convert a RARP into a standard LRP when equipment fails. Furthermore, with 85% of US radical prostatectomies performed robotically in 2009, exposure to open radical prostatectomy has reduced significantly and this may be an evolving problem for the trainee. 11 Fortunately, complete robot failure is a rare event, although this eventuality needs to be considered.
In a study involving 11 institutes, critical robot failure rate was reported as 0.4% (34/8240 cases). 12 In all, 24 cases were identified pre-operatively leading to cancellation, with eight out of remaining 10 cases converted to open procedures and only two to conventional LRP. The most common malfunction was an individual robotic arm or the optical system. Robotic arm malfunction should allow the case to continue by switching arms on the patient cart, depending on which arm is broken, the same cannot be said for optical failure, which is usually terminal. Murphy et al. 13 reviewed the manufacturer and user facility device experience (MAUDE) database of the FDA, and identified 38 system failures and 78 adverse events in a single year. Most adverse events related to broken instrument tips or failure of electrocautery elements of the da Vinci instruments. The authors' personal experience has included monocular camera loss, loss of colour vision, metal fatigue on robotic clamps, arcing diathermy current and needle driver breakage.
Experienced theatre teams should be able to detect or predict many of these robotic malfunctions as part of the pre-theatre check list; in the UK this should include the WHO surgical safety checklist as routine.
14 Ultimately, it is the surgeon's responsibility to ensure there are no concerns before the case is started. Intuitive Surgical do provide a high degree of technical backup support, at least in the early phase of the robotic programme. Furthermore, although duplication of instruments is costly, it can avoid conversion when individual components fail. Robot failure must be mentioned when describing potential complications as part of the consent process.
The operative technique

Patient positioning
Correct patient positioning is vital with the extended lithotomy favoured and a variable degree (15-451) of Trendelenburg tilt used. Copious padding of pressure points is needed to avoid compression injuries, this is especially important during the early LC when operating times can extend to 6 h. 15 Severe nerve injuries including calf compartment syndrome have been described following RARP, 16 and gluteal compartment syndrome has been reported following robotic pyeloplasty. 17 Prolonged surgery appears critical in the aetiology of this condition with more than 4 h of ischaemia leading to myonecrosis and myoglobinuria; this places RARP well within reach of this serious complication 18 and mentored cases should have a maximum of a 4-h console time. Patients with high body mass index are also at higher risk, 19 making careful patient selection a priority in the early cases.
The precise degree of tilt is not universally agreed, but some Trendelenburg tilt is essential to keep the bladder and bowels out of the operative field. This must be balanced against the cardiovascular and respiratory effects that this position may cause particularly when combined with a pneumoperitoneum. Lee et al. 20 reported a reduction in cardiac index by as much as 50% following head down tilt; however, Meininger et al. 21 reported that this results in minimal haemodynamic depression during the first 4 h of RARP. Thoracic emphysema, cerebral irritation and laryngeal oedema, presenting as postextubation respiratory distress, have all been reported. 22 Recently, Chang et al. 23 reported concerns over endotracheal tube displacement during RARP resulting in endobronchial placement and recommend reconfirmation of tube placement before the start of the robotic procedure. With tilts of greater than 151, it may be necessary to strap the patient to avoid slippage but overzealous chest strapping can inhibit safe ventilation, and brachial plexus neuropraxia can occur following the use of shoulder braces. 22 Another alternative is to use a surgical beanbag, which obviates the need for strapping and takes much of the pressure off the shoulders. 24 Generally, with greater experience less Trendelenburg is necessary and no strapping is needed. Cestari Robot-assisted radical prostatectomy MA Goldstraw et al et al. 25 reported the use of a nautical inclinometer fixed to the theatre table to accurately measure the Trendelenburg tilt (301 in this article), this appeared to be a particularly useful, reproducible technique for the trainee.
Placement of robotic arms and robot docking
The creation of the pneumoperitoneum is performed via the open Hassan technique, the Veress needle or a combined approach. Concern over increased rates of bowel injury with the Veress needle entry appear unfounded, 26 however, this technique may be less familiar to the non-laparoscopically trained surgeon and is not recommended by the UK Royal Colleges of Surgeons.
Trocar insertion is best performed with high insufflation pressures (B20 mm Hg): This increases tension on the anterior abdominal wall, which yields less when ports are introduced and decreases the risk of bowel injury. Development of blunt-ended robotic trocars has helped to reduce potential port insertion injury, however, direct visualisation during insertion is still mandatory. Vascular injuries, particularly to the epigastric vessels, can be avoided by reducing theatre lights and transilluminating the vessels through the anterior abdominal wall before trocar placement. Once ports are correctly positioned and the robot has docked, it is imperative to visualise the robotic instruments as they are positioned in the pelvis. Gibson et al. 27 reported two cases of accessrelated injuries to the abdominal aorta: one case related to insertion of robotic scissors and the other inadvertent Veress needle puncture. One specific learning point arising from both these injuries was that operating surgeons should be well appraised of the skill level of their surgical assistants, and ideally have a senior resident table-side to train the more junior residents.
Precise port placement is important as mal-placed robotic arms can lead to frustrating and time-consuming collisions. External arm collisions can lead to mechanical failures and breakage, whereas internal collisions can cause unrecognised damage, commonly bleeding from pelvic bones. At best this can make surgery difficult, at worst it can result in open conversion. A key consideration in port placement is that da Vinci robotic arms have a working length of 25 cm. 28 Subtle variations in placement need to be made according to the patient anatomy including pelvic diameter, obesity and height. Broadly speaking, patients shorter than 1.72 m should have a camera port 1-2 cm infraumbilically, whereas taller patients may be best served by a supraumbilical incision. 29 In obese patients, careful port insertion perpendicular to the skin is important as oblique insertion can lose valuable length. A minimum distance of 10 cm is recommended between camera and robotic arm to avoid collisions, with an angle of 901 or greater to provide ergonomically effective manoeuvrability of the robotic arms. The newer da Vinci S models provide enhanced manoeuvrability with a rotational axis range-ofmovement (yaw) of 3361 in comparison with 1801 for the older version: adequate external space must be left for these extremes of movement. Cestari et al. 25 recently reported a simplified method to correctly position trocars before RARP. This group used a plastic, double-equilateral triangle with an 8-cm-long border to place trocars correctly.
This technique was particularly useful in training residents the preliminary steps of RARP.
Adhesiolysis
30 recommended using a nephroscope to take down adhesions, this has the benefit of an additional working channel. If adhesions are dense and extensive, then a mini-laparotomy incision is made and adhesions taken down under direct vision. The incision can then be closed, the pneumoperitoneum is raised and the operation can proceed.
In a large prospective study of 3950 men who underwent RARP, 27% of patients were identified as having undergone previous abdominal surgery or inguinal hernia repair. 30 Not surprisingly, the adhesiolysis rate was much higher in those who had undergone previous surgery at 24% (243 men) in comparison with 8% (246 men) in those who had had no previous surgery. When patients were stratified into mild/moderate and severe adhesiolysis according to operative time of 0-5, 6-30 and 430 min (or involving a minilaparotomy): patients with a history of colectomy had the highest incidence of adhesiolysis (72%) with 27.8% necessitating severe adhesiolysis. This prolonged adhesiolysis resulted in the longest operative times at 197 min but no significant differences in blood loss. The second highest rates of adhesiolysis were in patients who had undergone bilateral mesh hernia repairs. Overall five bowel injuries were reported with three related to previous abdominal surgery (two had undergone previous colonic surgery).
Hernia repairs
Radical retropubic prostatectomy following bilateral (particularly laparoscopic) hernia repair has to be viewed with caution. Several publications have reported a dense fibrotic reaction causing scarring and obliteration of the retropubic space. 31, 32 Siddiqui et al. 30 proposed that transperitoneal RARP may be a technically easier approach than the open retropubic approach for successful completion of the procedure regardless of type or extent of mesh repairs. Laungani et al. 33 reported 62 patients who underwent uneventful transperitoneal RARP following previous inguinal hernia repairs and stated that this does not represent a significant barrier to RARP. Although blood loss was similar compared with a control group, there was a moderate increase in console operating time of 20 min in patients who had undergone mesh repair. No console Robot-assisted radical prostatectomy MA Goldstraw et al time differences existed for patients who had undergone previous inguinal herniorrhaphy without mesh. As far as the authors are aware, no reported cases exist of extraperitoneal RARP following inguinal hernia repair; however, Stolzenburg et al. 34 reported that this was possible for LRP with simple modifications in port placement and surgical technique although two bladder injuries were reported in this small cohort of 14 patients.
If operating on patients following prior hernia repair, proceed with caution. If it is possible to locate the edge of the mesh repair, then with meticulous dissection it may be possible to avoid disrupting the hernia repair. However, when extensive mesh is present it is sometimes necessary to incise through the fibrotic mesh in the midline and carefully dissect through the obliterated space of Retzius aiming for the inferior surface of the pubis, which is usually free of adhesions. The remaining part to the procedure can usually proceed as normal.
Large gland size and dealing with the median lobe
Larger gland volumes undoubtedly present technical challenges to the robotic prostatectomist due to a reduction in working space and difficulties manoeuvring around the enlarged gland. In contrast there is a fairly well-recognised inverse association with gland size and positive surgical margin rate. 35 Martinez et al. 36 analysed the learning curve for 154 RARPs and noticed a 32-min increase in operative times in prostate sizes of 460 cc, this was predominantly due to difficulties with the bladder neck and urethrovesical anastomosis. In a large series of 1847 consecutive patients (327 patients 470 g) from an experienced surgeon, Link et al. 37 reported a similar increased operating time (3.2 h in prostates 470 g, 2.8 h in prostates o50 g) and an increased median estimated blood loss of 50 ml. They also reported a twofold increase in complications, with prolonged urinary leakage the most common finding.
Technical considerations with larger glands relate to the potential discrepancy in diameter between bladder neck and urethra requiring the placement of lateral bladder neck sutures to compensate. This increases the difficulty of subsequent urethrovesical anastomosis and increases anastomotic leak rates. In these cases, correct identification of the prostatovesical junction is critical in order to keep this mismatch to a minimum. Tewari et al. 38 recommend a bladder neck pinch manoeuvre, using blunt robotic scissors to trap the prostate on both sides and pull proximally until there is a sudden 'feeling of giving way' at the junction with the collapsed bladder. Menon et al. 39 also use the identification of the shiny smooth fat pad as a marker for the prostatovesical junction. Another technical consideration is that large prostate glands are more likely to be complicated by the presence of a median lobe, which adds complexity to the posterior bladder neck dissection. Rehman et al. 40 noted a 10% incidence of median lobes in 600 RARPs. When determining where to incise the anterior bladder neck, lateral displacement of the Foley catheter balloon is sometimes a visual clue to a significant median lobe. If this is observed, the bladder should be entered more cephalad to allow for full visualisation of the prostate and easier identification of the ureteral orifices. Meeks et al. 41 recommended using the Carter-Thomason device, while Murphy et al. 42 recommend the Endoclose device (Tyco Healthcare, New South Wales, Australia) to elevate the anterior bladder neck via the catheter, allowing better visualisation and dissection of the posterior bladder neck.
When a middle lobe is not correctly identified, inadvertent entry into the prostate is a possibility increasing the risk of positive margins and ureteric injury as the ureteric orifices may be close to the bladder neck. Rehman et al. 40 reported the ureteric orifices were dangerously close to the bladder neck in 5% of cases and ureteric stents were placed in these cases. Other techniques to accurately identify the ureteric orifices include administration of intravenous furosemide and indigo carmine. 43 The reported incidence of transient ureteric obstruction is 2% and nephrostomy insertion may be necessary in these cases; 40 although once ureteric oedema settles, it is unusual to require antegrade stenting.
As it appears that large glands increase operative length and may result in poorer functional outcomes, some investigators recommend pre-operative transrectal ultrasound volume and median lobe assessment. 36 Alternatively a flexible cystoscopy can be performed immediately pre-RARP. With many patients undergoing MRI staging, the presence of a median lobe can easily be assessed. Mason et al. 44 recently demonstrated using multiple linear regression analysis that the calculated prostate volume to pelvic cavity index ratio significantly correlated with blood loss and overall operative time using endorectal MRI. This predicts that patients with narrow pelvis and large prostates may have more difficult surgery.
Robotic surgery following TURP
In general, radical prostatectomy is thought to be more difficult following TURP. Altered bladder neck anatomy can make the, often challenging, posterior bladder neck dissection even more difficult due to post TURP fibrosis. Do et al. 45, 46 recently reported 100 cases of extraperitoneal LRP following TURP and reported a higher overall complication rate (14 vs 9.35%) and transfusion rate (3 vs 0.6%) compared with their own series of 2000 previously reported LRPs. The higher complication rate appeared to correlate with a higher rate of anastomotic urine leaks secondary to difficult bladder neck dissections. Erectile function appeared to be worse in this group with a 52.6% potency rate at 6 months for the 26 cases, in which nerve sparing was performed. Significantly, three further nerve-sparing cases were attempted but abandoned due to dense peri-prostatic fibrosis, which were not included in their figures. These results confirm another study of 119 patients undergoing LRP who were compared to a randomised matched control, Jaffe et al. 47 reported significantly worse outcomes: operative outcome, length of stay, PSM rate and overall complication rate were all prolonged.
Although it appears that LRP may be more difficult following TURP, these data are lacking to confirm this is the case with RARP. Hampton et al. 48 reported on 1768 patients who underwent RARP, of which 51 had underRobot-assisted radical prostatectomy MA Goldstraw et al gone previous TURP: PSM rate was significantly higher in the post-TURP group 35.3 vs 17.6%; Po0.015) and these were more commonly located at the bladder neck margin. A number of technical points need to be considered before embarking on radical prostatectomy following TURP. First, Colombo et al. 49 reported that the dissection and preservation of the urethral stump integrity constantly appeared the most difficult step in open surgery. Some investigators report that periprostatic fibrotic tissue renders the nerve-sparing procedure a difficult task; 45, 49 however Eden et al. 50 did not report the same difficulty. Finally, residual prostatic tissue could only be removed en bloc in 28% of cases. 49 How LRP or open prostatectomy following TURP compare to RARP remains to be answered. At present a number of groups 45, 51 recommend performing LRP after at least 3 months after TURP and there is no reason to believe that this would not be a reasonable interval in RARP.
Salvage therapy
Traditionally the morbidity for salvage prostatectomy is considerably greater than primary open radical prostatectomy. With greater experience, salvage RARP is also emerging as a treatment option. Jamal et al. 52 performed the first case of salvage RARP in 2008 with an operative time of 150 min, blood loss of 100 ml and discharge home on postoperative day 1. This patient was continent at 3 months with no evidence of biochemical recurrence. Boris et al. 53 subsequently reported a small case series of 11 patients who underwent salvage RARP with an operative duration of 183 min, an estimated blood loss of 113 ml and a mean hospital stay of 1.4 days. At 20.5 months, 27% of patients experienced biochemical recurrence. With a minimum follow up of 2 months, they reported that 8 of 10 patients were continent. However, recently Eandi et al. 54 reported the largest case series of salvage RARP with 18 patients. This cohort consisted of eight brachytherapy, eight external beam therapy and two patients who had undergone proton beam therapy. Although the robotic procedure was performed successfully in all cases with no conversions, transfusions or rectal injuries, and perioperative complications were high at 39%. The most common complication was anastomotic leak, PSM rate was 28% and although follow-up was not complete, continence rates were 33% and no patients were potent.
Although it appears that salvage RARP is technically feasible, it remains a technically challenging operation. Despite this, functional and oncological outcomes seem comparable to those of large series of open salvage RP. The debate over which patients benefit from salvage therapy is still waiting to be answered and to date no randomised controlled trials exist.
Technical notes relate to the generally poor tissue planes evident, which is probably expected following radiotherapy. Boris et al. 53 reported that tissue dissection was particularly difficult at the prostate apex and posteriorly and that this was more evident in brachytherapy patients. Furthermore, in view of the close proximity of the dissection to the rectum, Vallancien et al. 55 reported the use of 'finger-assisted laparoscopy' whereby an index finger was placed in the rectum to control the prostatorectal dissection. This technique is feasible during RARP although rectal access is more difficult with the robotic cart.
Conclusion
Robotic radical prostatectomy is now an established treatment for localised prostate cancer. The fundamentals of the surgical technique are fairly well established, although there are many ongoing refinements. A growing body of experienced surgeons are now willing to take on increasingly complex cases including patients with previous abdominal or prostatic surgery, those with large glands, significant median lobes or in salvage situations.
Preoperative transrectal ultrasonography and MRI may provide invaluable information on prostate anatomy, which may guide further surgery. 35, 44 These cases may have significant challenges in laparoscopic access or dissection due to periprostatic inflammation making tissue planes difficult or non-existent. Approaching these problems in a structured manner using the wide range of specific techniques mentioned, allows many of the problems to be overcome.
At present, few of the individual techniques outlined are fully evaluated and larger studies are necessary before drawing firm conclusions. Despite this many of these techniques have evolved from experienced surgeons during their learning curves and reacting to difficult situations, and it would be disappointing if we were not to not to benefit from this accumulated wisdom. Given this knowledge and increasing experience the number of patients with localised prostate cancer who are suitable for robotic prostatectomy will continue to grow.
